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TOKYO 
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PAUL THISTLETON 
WASHINGTON WORKS 

R .. E. Putnam 

September 30, 1980 

. TEFLON® DIVISiONS. ·-· C-8· .(Fc-1·4·3y CONTROL 

Attached is a copy of the "Status and Program" that . 
was reviewed at our Teflon® Divisions' C-8 meeting on Sept. 25, 1980. 

Please let me know if you have.comments or questions. 
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A. CX:MUUCATION MEEJ.'m:iS 

(1) August - Nine shift rreetings 
held for Mechanics, 
Operators am ReseaJ:ch 
SEmi.'A'Orks Operators. 
Kronberg and Steiner 
reviewed C-8 toxicity, 
discussed engineering 
oontrols, protective 
equiprent, etc. 

(2) Oct. - · Meeting(s) will be lw.ld 
for laboratorians. 

B. 'EPIDEMIOiaiY 'S'ruDIES 

JULY 

(1) l/25 -Medical Division Statanent 
based on liver enzyme study -
" ••• there is .no oonclusive 
evidence of an occupationally 
related health problesu anong 
"Y.Urkers exposed to c-s. " 
(re{X>rt expected in O.::t.) • 

(2) July -. Teflon® area ~rkers bad no X 
significant excess of heart 
attacks carpared wit'i.i rest 
of plant. 

(3) July - Teflon® area "Y.Urkers had X 
no significant differ,ence 
in blcxxl pressure fn-..n a 
cxmtrol group with ro Teflon® 
(or C-8) ex(X>sure 
(adjusted for age, smoking,etc) 

(4)August - 3M Medical Dept. published .a 
paper, "Health status · of plant 
"Y.Urkers exposed to flooro
chemi.cals - a prelim.inary 
re{X)rt." in the lure.rican 
Industrial Hygiene 
Association JoumaL 
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. 'STA'IUS 'AID 'PR:QWot 

· 'JULY 'Am. . 'SEPl'. 

C. BUX>D -ANALYS&<; 

(l) May - catparison at .Jack&~l Lab 
showed good agree.trent of 
3M (BarD) and Du Pont 
(Torch) met:OOds at low 
levels (0.3 and 1.2 ppm 
fluorine). 

(2) . May - C-8 Specific method 
dem:mst.rated at ESL 
(inproved -3M method) • 

(3) 8/l - letter detailing. blood 
sarrpling program issued. 
Includes cooparison of 
analytical rrethods i3nd 
discussion of data 
interpretation. 

(4) 8/4 - Release of employee 
OCilllUili.cation ''Fluoi:o-
surfactants in Blocxr' started. 
It described blood sanpling 
plans and sumarized overall 
program. 

(5) August - ESL establiShed for C-8 
Specific blood analyses. 

(6) August - Sampling started for cooparison 
of test rretrods. 
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C. BtOOD 'ANALYSES - (continued) 

(7) 9/2 - Comparison of c-a Specific 
and Torch met:b:Xls staxted 
at ESL. About 25 sarrrJles 
f:ran WW Teflon~ w:>rker.s 
will be tested.· 

(8) Nov. - Decide which method should 
be used for routine atalyses. 

(9) lbv. - Start routine sanpling as 
outlined in 8/l/80 letter. 

D. ':OOXICl'l'Y ~ AN> 
EXPOSURE LIMITS . -----·---
(1) 2/11- ·- Inhalation subacute test 

2/29 exposure period. 

(2) 2/22 ·- Blood analyses finished for 
skin subacute tests. 

(3) August - Haskell Lab ingestion studies 
• s~ ro significant sex 

differerces in lethal doses . 
for guinea pigs, mice cmd 
rats. Tests made by ~ 
showed that fanale rats 
eliminate c-a nuch faster 
than males. 

(4) Q:t. - Initial blocxl results fran 
inhalation subacute tests. 
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1981 
·JULy AUG. . "SEPl'. i c:x:r. . 'f¥:1V. D:OC. I JAN., FES. MAOCH - -

D. 'IOXICI'l'Y TESTS AND 
EKroSURE LJMrl'S . -. (continued) 

(S) sept. - Haskell Lab r~rt on X 
skin subacute tests to I N 

-.:t 
be issued. I N r--

I 
r--
0 

(6)Jan '81 - AEL Cmmi.ttee Review I X Cl ..... 
'-1l 

E. ·c~a "SUPPLY 

(1) 7/31 - 3M representatives X 
visited ww to p:rarote 
rapid conversion f:ra\·\ . 

~ 
current solid c-a (from I 

~ 
ribbon dryer) to spray I N 
dried C-8. Change ir~ I 0 
dl:yer eliminates many of I 0 
their envi..ronnental I 0 
p.rob1ems. Activity ox~ 
c-e solution teDni.nated 
(at least teq:orarily). 

(2) August - 450 lb. spray dried C- 8 X 
C-8 received fran 3M for 
evaluation. 

(3) Sept. - Fine powder, granul.cu: and . X 
FEP made using spray dried 
c-e in roo tests. Dispersion 
p:>ll'J'Il&ization reacti.clll rate 
10 - 15\ belCM no.mal. 
Granular p:>lyner therrnal 
stability below nonn.:tl. Maybe 
a prob1an with operator 
acceptance because C-8 is 
very fine and clings to 
scoops. 

(4) 9/17 - 3M representatives v.\sited X 
hW to review spray dried C-8 
evaluation. M:>re semi\oJOrks 
evaluation of sarrp1es .-will be 
made before plant tests. 

Pr - 5- 9/23/80 IS 
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'STATUS AND ·PR:X;RAM 

F. ·c~a ·REPLACEMEN.l' 

(1) · 3/4 -- Evaluation of "in-situ" 
surfactant recanrendeC1.. 
(M::>rganllhlstleton letter) 

JULY . .AU;. 

(2) May - Semi~rks products made with 
three floori.nated surfactants 
appear to yield satisfactocy 
end product. Evaluation 
oont.inues. 

(3) 5/8 -- R4N* testing p:rogram reviewed 
at Haskell Lab. TestCJ will 
include noni.toring bktXl 
flooride levels. 

(4) August·· Tests authorized. T:iiaing X 
· depends on availability of 

material. 

(5) ** - FEP Plant Test. 

* Prenanufacture notice as required by TOSCA. 

SEPl'. -

** Timing deperrls on toxicity testing and plant availability. 
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EID077244 

JULY 
I. ·EN:;~ CCNl'ROLS ·- FEP 

(1) Sept. - Coapleted COD T'f-077 
Eliminate free falling streams 
in clean roan by installing 
eductors W1der v-oisc press 
and Torus Disc dryer 
scrubber. - ($32,000) 

(2) ())agulator to fluff bin seal. 

July ~ Drafting request. . X 

Oct. -coo issue. 

Dec. - Installed an one coagulator 

l. (3) New .ret."j'cle tank to retum recycle 
tank fluff to fluff blender instead 
of manual diwing. 

Sept. ·- COD circulating 
($36,000) 

Feb. - New tank installed. I 

(4) Elim:indte the once/shift durpii~g 
of COii1gulator bag filter. 

Aug. -COD TY-127 approved ($7800). 

1-bv. -Installed 

(5) Provide rreans to vacuum surrp rather 

L than ~;a?Op polyrrer - COD TY-085 ($5900) 

Sept. - Equiprent due. 

Oct. - In use. 
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1981 --

'JULY AUG. 'SEPI'. I . ·cx:T. . ''tm. ·oa::. 1· JAN. FEB. MARCii 

I. EN:;~ CCl'lmOLS ·..;. ·FEP - -(continued) 

(6) Engi.nrering oont:J:ols at trayot11t. 

July -· Rec 1 d rec:x::mtel'X3ations fn::m X 
Fe.maOO.es, ESD Consul 't:.ar1t, 
on dust oontml and I I c.o 
ventilatioo. I ~ 

N 
Aug. ·· Drafting request. X I .. , 0 

I 
Q 

t«:>v. ·· COO issue - ($40, 000) X 0 

May 1 81 ·· Installation. 

(7) Eliminate polyner exhaust fran ~ 

coagulation bag filter. 

Sept ·· Receive bags fran vendor X 

for evaluation. 
I 

N::>v. - Install first set. I 
X 

Dec. ·- Install serond set, if 
I X 

necessary. 

Jan. ·- Install third set, if I I X 

necessary. 
I I Feb. - Det.erm.i.ne. f ina1 effluent I X 

concentration and 
determine necesscu:y stack 
height. 

(8) Eliminate the wanual dmping of 
the central vacuun system. 1'. 

Oct.- COD issue- ($17,750). 
I 

X 
I 

I March I 81 -:' Installed • I X 
I 

- 9 - PI' 
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EID07724b '1981 . 
. JULY . ·AUG • . ·sEP!'. f · ·OCT •. . ''KJII • DEX:. I JA.l\l. FEB. MARCH 

I. mGINEERlll:i CONimLS ·..;. FEP - (continued) -

(9) Raise exhaust stacks of coagulation 
and ~t finishing bag filters. 

March ~ Det:enn:ine final concentration I I X 

after bag test. . I r-
April -'· Contact Wevodau for he:,:lbt 

I '" needed. 
I N 

0 
May •· 000 issue. I I 0 

I 0 

(10) Investi gate Shoe cleaner. 

July ·- Installed but rem:wed · fr.::m ' X 
- t3ervice twice due to 

decanter overfl~. 

(11) Detennine effect of Torus Disc 
product. tenperature on C-8 
ex>ncentration. 

Sept. - Asked ADG to set up bench X 
scale \oferk because · too much 
plant penalty. 

~v. - Carplete bench scale ~rk I X 

and issue findings. 

(12) Prevent rot steams containing polyrrer/ 
c-a fran flowing through smps. 

Sept. - COD TY-183 ($4700). X 

Dec. - Installation I X 

- 10 - PI' ' 
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EID077247 . -- --.;.-;;.:..· __.;;.--------------: 

I. . EN;INEERJN; _ roNl'ROLS . ~ 'FEP (oontinued) 

(13) Monitbring. of equiprent with RAM 
(Real-t.i.Ire Aerosol z.t>nitor) to 
deternrl.ne effectiveness of seals. 

Jan. ~ Restart program. 

(14) Inprove ventilation :in clean l'Xx:.m 
through use of diancnd plate '>";n 
top of grating. 

ceo on hold pending outoone cf 
eductor a:o. 

. 8rATUS AND PICGRAM 

. 
JULY . J\1JG. . SEPI'. . ·ccr. 
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.L;.UJU I I -''tlS 

. JULY. -
FN:;:INEERJN;; CONrnOLS-FINE 'PCH>ER/l?ISPERSIOO 

(1) May - c:Orpleted coo TX-586 - &\ise Fine 
Powder dryer air suwly 5nlets to 
e~ust additional aiti:JoLne C-8 

($1,200). 

(2) May - curpleted COO TY-047 - Int:emal 
F'ine Pc1.rder dryer fan gua;;..-ds to 
exhaust ai.rbome C-8 during 
outages- ($8,500). 

(3) May - Catpleted COO TY-048 - hlditionai 
inspection windows for F:.<..ne PcMder 
d~ers ($2,500). 

(4) May -- c:oopleted COO TY-061 - Inprove 
dispersion ingredients OOod am 
its exhaust stack - ($5,000). 

(5) May - J.rrproved sealing of Fine J?or..rler 
Dryers - included better door 
seals and sealing between dryer 
sections. 

(6) Oct. - Further improvanents to :·:)e made 
in dryer sealing. 

(7) Reduce Fine Powder Dryer Exhau;;;t Stacks 1 

C-8 anissions- ($100,000). 

lbv . ·- COD approval 

May • 81 -~ Installation 

(B) Oct. - Seal holes in floor arove Fine 
Fine ~er Dryers to reduce C-8 
ooncentration upstairs. 

(9) Increase exhaust capacity froro 12 Dryer. 

Oct. ·- ceo issue. 
Feb. - Installation 
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A. 

(2~ Meeting{s) will ~held 
for laboratorianS. 

'B. . .EPIDEMIOIOOY .S'IUDIES 

W4 

(1) l/2~i - Medica]. Division Statement 
based on liver enzyrr:! study -
" • • • there is no conclusive 
evidence of an occupationally 
related health problem anong 
\«>rkers exposed to C-·8." 
(re(X)rt expected in ett.) • 

(2) July - Teflon® area \«>rkers had no 
significant excess of heart 
attacks cx::rrpared with rest 
of plant. 

X 

(3) July - Teflon® area workers had X 
no significant difference 
in blood pressure fnm a 
cxmtrol group with oo Teflon® 
·(or C-8) e>qX>sure 
(adjusted for age, smoking,etc) 

- 3M ~cal Dept. published 

j:j- ~
, _" · th status of 

worker to=floo 
Vl 
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. 'STATUS '.AND·~ 

. '.JULY . ·ru.x; .' . 'SEPl'. 

C. BLOOD'A!W:.YSES 

~ 
(2) .May 

(3) 8/J. 

(4) 8/•.l 

- Catparison at .Jacksv 
s}x)wed good agreeJOOnt f 
3M (Barb) and Du ~)'(.t . 

(Torch) net:OOds at j.ow 
levels (0.3 and l.j ppn 
floorine) • 

ease of employ' 

~cation "Floo)~· 
surfactants in Blood" tarted. 
It described blood samp g 
plans and stmtarized over 1 
program. 

(5) August - ESL established for C-8 
Specific blood analyses • 

(6) August - Sarrpling started 1~or OOI'Ipai"ison 
of test ne'ttx:Xis. · 
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:;.;:!= · · S'l'AriJ :' m ·ProGIWt 

· "JULY · ·AtX.i. · ·SEPI'. 1. · ~. 

c. m.ooD "ANALYSES - (oontinued) 

(7) 9/2 - Catparison of c-8 Specific ( c;. c..) 
and Torch meth:xls started 
at ESL. .»:Giit 21 &&lpl.es 
fran WW Teflo~ ~.xs 

• 1M i 11 lie tested.: 
C: .. 8 / c;.~ ""'~~Qa noeW\~o.-W 

- Deei:Se ,JA;J.g RIBt.Aed eAettl:d 

X 

(B) tbv. 

{ ") ~c.. 
(9) IPS; 

...b& Wi9d f.or routine analyses. 1 

\Jif:. 0>-{ c-s ICrc ~-~<)c.l ~n~ b""(M~ .. ~ 
- Start routine sanplin:~ as i)~" ~ - ---, 

outlined in B/1/80 letter. 

D. TOXICITY 1'ESTS AND 
EXroSURE "LIMlTS . 

~~ . 

(3) August - Haskell Lab ingestion studies · X 
showed oo significant sex 
differences in lethal doses 
for guinea pigs, mice and 
rats. Tests made by 3M 
s}x)wed that female rats 
eliminate c-e rruch faster 
than males. 

( 4) CCt:. - Initial blood results from 
inhalation subacute tests. 
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STMUS 1\NO. ,;OORAM 

JULY · AOO. . . SEPl'. 

D. 'roXICITY' TESTS AR> 

E. 

6 
0 
-I 
-I 
N 
V't 
UJ 

EXroSURE ~lMITS · - (oontinued) 

(5) ~- -Haskell Lab report on 
. oc:r. skin subacute tests lie 

. ... issued. · 
~~d . 

(6)Jeri-L~- AEL Camdttee Review 

C..;8 "SUPP.LY 

(1) 7 /3~f.,J 3M representatives 
· visited WW to prarote 

rapid conversion fn::.m 
current solid C-8 Cfmn 
ribbon c:lryel:) t.Q~y · 

dried C-8. Change in 
di)rer-e1:Gidna.tes ~Y of 
their envil:onmental 
p:roblens. Activity on 
c-a solution tennii.ated 

. (2) 
I 

(at least temporarily). 

Augustla 450 lb. spray dried C-8 
C-8 received fran :3M for 
evaluation. 

J 

(3) Sept. to- Fine p:JWder I granular am 
FEP made using sprny dried 

X 

. C-8 in :roo tests. Dispersion 
P:>lymerization reaction rate 
10 - 15% below oorm:u. 
Granular fOlyner th'~Illill 

stability below nonral. May be 
a problem with ope:cator 
acceptance pecause C-8 is 
very . fine and clings to 

) 

sooops. 

(4) 9/17 ~ 3M representatives visited 

I"'?OC'I\1\.TI'Y 

WW to revieW spray dried C-8 

evaluation. M:>re ~\\Orks 
evaluation of sanples will be 
~-~~ ~&-~~ ~,~"~ ~~~~~ 
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· 'STAruS ·1\il) 'PR:X:;RAM . 

JULY · 1'00. SEPr. -
F. ·c.;.B 'REPIAC:EMENJ.' 

I 
(2) May ~?- Semb.orks products nade.·with 

. three floorinated surfactants 
appear to yield satisf.acto.ry 
end prod\X:t. Evaluation 
continues. 

(3) 5/~ ~ FMN* testing p:rogram reviewed 
at Haskell Lab. Tests will 
incllrle nonitoring bl.cod 
fluoride levels. 

J 
(4) August-Eo Tests authorized. Timing X 

depeOO.s on availabilU,y of 
na.terial. 

(5) . u - FEP Plant Test. 

* Prerranufacture ootice as required by TOOCA. 
m ** Timing deFEJlds on toxicity testing and plant availability. 

s 
0 
'..J 
;j 
~ 
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---· mwros .Aliji :x;ru\M 
;~:- '1981 : [l/:

1! p 

JULY .Al.Xi. SEPl'.· OCT. NJ\1. mx:. JAN. Fm. MAIOI 

G. . AIR M)N!TORJN2 

(1) April - 7 day personal saii{>l.ing 
program for Fine Pow-ier 
& FEP l-et Finishing 
Operators showed 6Q t!> 

I ~ 
80\ above 0.6 nP> lirdt. N 

I N 
(2) Sept. - 7 day personal sanpl .. ~tJ X I 0 

for Fine ~ Ocye~ I 0 
Operators had an I Q 
average of 0. 25 nib 
with oo values above· .limit. L 

(3) Sept .• - 7 day personal sanpl€:.S X 
\.._ for FEP Wet Fini.sh.in} 

Operators had an avera9e of 
0.91 If¢. Personal ~;anples 

in April had an average of 
0.95 npb. 

(4) .. - Repeat personal sanpl.i.ng for 
Fine Powder and Wet 
Finishing Operators A .. ~ F~P 
P t:.. oP..,,-~.,J 1 

H. ·AIR ·mNI'I'Oitrro ·p~ 

(1) May ·- Conparison of methylene 
blue and C-8 Specific 
methods (developed at 
ESL) using split sarrple · 

trl 
st:n.,s excellent agre:anent. 

..... (2) May -· OU.oroform,IAzure A Method 0 
0 developed fran Dutch rrethod 
'-l 
'-l by c. s. Cope. 
N 
Vl (3} 9/2 ·- c-e Specific method X Vl 

available for review at ww. 
(4) CX:t. - ReCX)JIITel')d preferred nethod 

. 
X I 

for routine use. 

* Will deperd on carpletion of EngineP..ring Controls. 
~ ... · 

-·7- PI' 
17ornn.1rv 9/23/80 
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S'l'A'lUS .'~' ,.QGIWtt 

1981!:'@! 

. JULY . 'AUG. . SEPl'. I . 'ro.'. . lOJ. ·oa: • 'J.i\N. FEB. lWOf 
I. ':EN;INEE:Rm; 'CONrnOLS ·- FEP 

(1) Sept. - COOpleted 000 TY-Q77 X 
Eliminate free fall.ing streams 
in clean roan by installing 
eductors under V-Disc ~s I ~ and Torus Disc dryer I N 
~- -- ($32,000) I N 

ex>agul .• ~tor to fluff bin seal • . I 0 (2) 
I 0 

July ~· Drafting request. X 
. 0 

(kt;. -· 000 issue. I X 

Deq. •· Installed on. one coagu:; ator I x. I ··-~>< 
(3) New recycle tank .to retum recycle 

tank fluff to fluff blender ir.·~tead 
of manual diwing. 

Sept. .- roo circulating X 
($36,000) 

..:r ... l.., ~ I 
' I -c. -· New tank installed. I 

(4) Eliminate the once/shift dmpi.ng 
of coagulator bag filter. 

Aug. - coo TY-127 approved ($1800). X 

N:Jv. -· Installed (_t...~) 
I ~~X 

(5) Provide neans to vacuum sunp rather 
than s.ooop polymer - COD TY-085 ($5900) 

Sept. - Fquiprent due. X 
I 

C£t. - In use. I f I m 
N .. ~ - "'i="'- : \ ~ ' .... ~ \ ..... 

0 
R-. +e.s -t-"/ R&.c!~ :,. ... X 0 ...... -....) 

;::} 
- 8- PI' X lJI 

0\ 
.9/23/BO f 

MAtt~K 
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~ 
0 
0 
-l 
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N 
u. ....... 

u···•t :1 a 

· ·STA'IUS AN{j' .OGRI\M •;.: i : 

. ·JULy "AUG • . SEPl' • I . ·ccr • . ''WI. . 'DE: • 
I. EN;INEERIN:; CCNI'ROLS . ~ FEP - (continued) 

(6) Engineering controls at trayout. 

July - Rec • d recamendations fxan 
· Fernandes, ESD CQnsultar.t, 

on dust control and 
ventilatioo. · 

X 

Aug. - Drafting request. X 
'P .... +;;1'>-~CL oc.: ..... ~ ... ~ w~- .. p ... J.I~. 

~·= a~) i.&stle ($49 nnn\ f!.,.,: ..... ,. C~~oo TK to'7? 
b ~ D~ 

. '~of..., tCf.._lt, •"' t .... t.~,.4.(1~r-~oc...~r) 
""lt!!Siflj -..o~l-· Installation. (: ~;- ,.,.t0 t ... 'I ) 

0 e;"t- .'?I /1 ,..,._ q,cc.c.,-n• • e 

(7) Eliminate polyrrer exhaust fran 
ooagulation bag filter. 

Sept - Receive bags fran vencbr 
for evaluation. 

lbv. ·-· irl:3etsll f.W.sti set.. S ~ h.s+a....~~ ... \ I...._, ............... .Jt 
; ... T•t'-\ .D•s""-"'"'J.._ 

Dec. ·~ IJi:3~ll SeeeR& ee~, i£ N •+t~ .. \:,a."'t C u~T 
9 rt-~ "tl.,,....,. .1.-"t "t' t--.,\ 

X 

Jan. ·· i&'t!~ll t.h:i£6 seti if d.~r~ '-" ... '-- s~::::-"' No.>~, 
.A~Q&•iLI¥• 1 

'Pla .... t1. >- .... : th Te...~l-"'. 
. . -t ... CA-\o-~ b~ -he.- ""'" c .... &.:., 

Peb. • Bel:ei:nw .e. ~l:llal eff~'.: (. u T- roo s- ys t ,_ ... : t-\. ,. 0 o.t 
eouceu~ation and ..,,..,t'\-._ ( lo..-t.. -... """'"""'~A, .. q) 
de~e aeeessiio.J¥ stack • 
hei:gi'tt. 

M•y - D~.:t4.."'-;:,.._ .C;--"\ ~~\.,,.,.t oo-e4.""'T"'-t;.,.-\ d'-'t, .. -1.,~ 
(B) Eliminate the manual dmping l)f ....... u .. ""'1 .~"Tc.c.~ Jt .. t,.l.t 

the central vacuun system. 

Oct. ·- COO issue - ($17, 750) • 

March I Bl - Installed. 

- 9 -

6Z8£00dfV 
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X 

X 

X 

0 

J'/11. 
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1981 ::ti1W~ 
·FEB. .MARCH 

X 
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:· · -. -·· d : .;· ' . S'l'lmJS_· __ · .~ nil]' I! 
. "1991 '"·"' 

. "JULY . ·AUG. . "SEPI' • I . OCT • •WJ • DOC. I JAN. FEB. MARCH 
--

I. EN;INE:ERIN:; ·CCNI'OOLS · ~ FEP - (continued) 

(9) Raise exhaust stacks of coagulation 
and l~t finishing bag filterr~ . 

~l - Detenn:i.ne final ~ncet1tration I I X 

~ after bag test. 

...J"flm: - Contact ~1evalau for mdght 
~~. needed. 

I I ~ 

~ -coo issue. I ~ . 
:s ..,. - I 

(10) Invest.igate Shoe cleaner. I 
Q 

'-- 0 
. I 

July - Installed but reroved fran x· 
service twice due to 
decanter overflCMS. :\-. 

=:f~t""· ·- (4L-t ... Jf".....\kct ""' hQ."'! loc..., ........ I I '!< 
(11) Dete:rmine effect of Torus Disc I 

prod~t tenperature on c-9 
concentration. 

Sept. - Asked ADG to set. up bench X 
scale 'twOX'k because too m.x::h 
plant penalty. 

ihv':. ·- Ccmplete bench scale \VOrk I x~x 

t> .Q..c._ 
and issue findings. 

(12) Prevent oot ·stearrG containing polyrrer/ 
C-8 frqn fiowing through s~>. 

t'I1 Sept. - COD TY-193 ($4700). X -t:l '\ 1·~x 0 ~~ .... Installation ( ~ l I . X I 

-..:a -..:a 3ft#.- . 
N 
VI . 
00 

- 10 - Pr 
9/23/80 
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trl -0 
0 
-..J 
tj 
VI 
\0 

:•:q: i!! 
··:::: ~"!F'.Ca. 'DIVISIONS ·c-. (FC-143) .cx:wrroL 

·- . 
'STATUS AND PR:X;RAM · 

JULY . J\00. 

I. EN2INEERll:G 'CONI'ROLS · ~ ·FEP (contim.red) 

(13) M:>nitoring of equiptent with RAM 
(Real-time 1\el:osol lobnitor) t'(>· 

deta..mine effectiveness of seals. 

(14) 

,::~-
•· -Restart program. 

Inprove ventilation in clean xocm -.! 

through use of diarmnd plate on ' 
top of grating. '( 

coo on oold pending out:c:one of 1 
eductor COD. · 

SEPI'. -

fs) ~ ~ cL.-cL: h· • ...... \ '6 "'~"'tl.: ".L A:~ . . 
F~~: 1: +:e.r - F'"€'P (l,~.sM) ' -~ ,)!/ 1/t .$' w ,. f'- •£» H'J. 

A.-+\...,.: ... ~ C:..O!) - .:r ltN 

c . ...., .. t... x-hS't'"'-ll....trv'\ -' Mlf ( 

(1) 

J-f CJ.".J.S'Q.. 1.,..._'-fr"-.). 'I ,_ p,-a v~ .... a -1-.s 

,....,"~'(\.. · w,I{,.,,J cl.f,~oJ' a,c' 

p ~p 6\11'-0•.Vfi (~/M c.,./Til-'~'f"' 
p .. ~ T. T'..... o~ 4- c:..~"N..-'.r) 
:£s,r v.IL. .l fJw_,.l, ia,_ - J'JtN 

l.so;r c. ""'""''"'o "> r$£e 
/"?••.~J•roA... 141..#11 F'•A.. c-t ~ 

....,._ ... ---·-·--· -···--· . 

--....:.. .. - · · ·· 

. - 11-
'Dec..•ow T"'""""r: ""''"' i!!~t~J> ·~-·'-S"" 'AIC 

I£8EOOdfV 

-
I ·OCT. 
I 

I 

I. 

I 
I . 

I 

I 

. 'NJV'. ·o~ • JAN. -

I 

X 

. ::.. \ 

. _,_ ''"> 

>'X. 

,din' 

'1981 --
FEB. 

-~x 

MAlOI --

Q 
C'? 
N 
0 
0 
0 

X 

..,...-.">( 

Pi' ')X 
9/23/80 
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----~-- STA1Us MUH ~ 

.... ·· .. . ii~ 

· JULY 'AOO. . ·SEPr. -- --
J. :EN;INE:ERlll'; ·(.'()Nl'OO~FINE 'l?CH?ER/D!~ICif 

m -0 
0-
-....J 
;j 
0\ . 
0 

(1) May - ccrnpleted COO TX-586 - 16ise Fine 
!'oNder dryer air supply inlets to 
exhaust additional airl:xn.ne C-8 

($1,200). 

(2) May - c.a1pleted COO TY-047 - lr:temal 
Fine ~er dryer fan gu:;.ros to 
exhaust ai.J:bome c-a dur.l.ng 
outages- ($8,500). 

. (3) May "':' carpleted COO TY-048 - MdiUanai 
- inspection wi..ndails for ~·ine Powder 

dryers ($2,500)-. 

( 4) May - rotpleted COO TY-061 - Irrt[..ocove 
.:aspersion ingredients h:;od ani 
i ts exhaust stack - ($5, 000). 

(5) May - Irrproved sealing of Fine Powder 
Dryers - included better door 
seals and sealing betwee."l dryer 
:seotions. 

c • ...,ld~,... ~-

~~~gO 

Crl 7h" 

Cr1' & /rfJ 
Lv-f ~ ; r,o 

(6) Oct. - .Further improvarents to be rnad;.=:eO-:------
in dryer sealing. · 

;< 

(7) Reduce Fine ~er Dryer Exhal.l!>t Stacks' 
C-8 anissians- ($100,000). 

l'bv. - COD· awroval 

May • 81 ·- Installation @ 
(8) Oct. - Seal holes in floor alx>ve Fine 

Fine Powder Dryers to reauce C-8 
ooncentration l,lpstairs. 

(9) Increase exhaust capacity fxon 12 Dryer. 

Oct. -· CCD issue. 
Feb. -· Installation 

-rnrl\1'\ Tl"'' :l - 12-

. CCI'. . 1'01. DEC. 

X 

A --·- · ---~~ 

RJr x 

X 

1981,.,,iW' 
.JAN. FEB. MAOCI 

,.-i 
~ 
N 
0 
0 
0 

//J"',.3 . 
)< 

-L_ X 
/,'• .. 
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::::; 

·• 
. S'l'ATUS ~~ . . fOORAM 

·~ ... · 

'JULY · .ru.x;. · SEPl'. 1 ·ccr. · li¥». 
K. 'PR:Jl'ECI'IVE 'm.JIFMENI' -~ 'RESPIRMURS_ 

canto II 

[!l 
t:.l 
0 
""-l 
;j 
0'1 

(1) 3/5 -· Use of GMA-H cartridges 
(carbinatian high effiqiency 
filter and activated ~rcoal) 
approved by R. F. Kintf;.'t·, 
Olail:man, Respiratory 
Protection Subcx:mnittec. 

(2) March-June - GMA-H cartridges 
established for routine use. 

(3) May ~ ~-H · cartridge tested ~t 
Haskell lab with 1 ngJm-i C-B 
(lOOX proi,X)sed limit) 
feed. capacity exceeds 40 hours. 

( 4) 9/15 - Rerx>rt on cartridge te:;::.s 
issued (HLR 664-BO) • It..;~ 
..t?!Qyide a basis to extei~1 
cartridge use to a month~. 
1'his is Uilder review. -a 

Air SUpplied Systems 

(5) May/June - Field tested 3M Harf.l~.ap syst:em. 

(6) July - :Reccmnended to Productio1 X 
to provide 3M.Hardcap units 
for all Wet Finishing ~rsonnel. 
4c.c:.~-~ol0 ~ Plt•b\IC..T'IU; 

(7) May - oomp~eted TY-045 (~7290) for 
breathing air stations in FEP 
area. 

(B) Sept.-· catpleted COD TY-082 ($1,994) 
for breathing air station for 
weigh station. 

(9) 3/11 - COD TY-051. ($16, 750) for 
breathing air stations in 
Polymers area authorized. 

Oct. - Breathing air stations in 

I•) 
service. 
4- ;110~'4. Grtli(.,,..,., • ..v( A rA., ,.,.,c. , ~.-o-r-tf!l -: Ftrt' 

X 

'I 

X 

X 

DEI:. ,JAN. 

::;:1 

1981HL 

FEB. MMCI 

N 
~. 
N 
0 .o 
0 



:f ~: ::: TJ!l'WNI DIVISIOOS C! Hj 'FC-143) OONrroL - -.,.r :: ·-

L. ·p~IVE ·~ ·..;. CID'l'l{JH; 

s 
0 ....... 
~ 
~ 

Disposable ·clothing & ·Gloves 

(1) 8/28 - Started field test of 
protective clot:h.il)g. 

(2) Nov. - Start field test of 
protective clothing with 

· 110re breathing capability. 

(3) Feb ~0- Stock awroved prota."tive 
clothing in Stores. 

(4) May - Started routine use of IL-61 
latex rutXJer gloves . in 
Fine Pot.der/Dispeision 
.and FEP Areas. 

t7£8EOOdfV 

. '91'ATUS 'Al'D "nCGru\M 

. 'JULY ·.ru.x:;. . 'SEI?'l'. ·c:x:r. . 'l'IJV. 

X 

X 

· I 

1 

- 14 -

·oa::. ··:fAN. 

1981 

: [ l ~ ~; 
·~ U.i 

FEB. MAOCH 

X 

~ 
. ~ 

N 
0 
0 
0 

PI' 
9/23/80 
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PERSONAL AND CONFIDENTIAL 

November 24, 1980 

TO: R. J. BURGER 
C. R. CAMPBELL 
D. A. ERDMAN 

FROM: PAUL THISTLETON -~ '~\1-

. COMMUNICATING RESULT'S' OF BLOOD' ANALYSES 

~ Details of recent blood analyses are given in 

my 11/19/80 letter ·to R. J. Burger icop!Y l::ltt .. <F:oh~~). .!"l~sults 

of August 1979 samples have been multiplied by 1.25 in 

Table I for comparison with August 1980 results obtained by 

the C-8/GC method (compare lined colUmns). We believe that 

this adjustment is required for proper comparison. 

People sampled in 1979 were given results in . 

Columns 1 and 2 using standard medical cards. We plan to report 

the C-8/GC results in column 6 in the same way. Some 

explanation of the increased values resulting from the 

C-8/GC analyses will be required. It appears that this can 

best be handled by Dr. Power on an individual basis. He may 

use the attached statement for background but it will not be 

distributed. · 

When the results in column 2 are multiplied by 

1.25 (see column 3) there is generally good agreement with 

the. recent c-8/GC results (column 6). 'Perhaps there is a 

significant increase for No. 16 (a fine powder dryer operator). 

The value reported for No. 17 in 1979 was recognized to be 

unusually low and may have been inaccurate. Three of the FEP 

people (Nos. 19, 23 and 24) show little change between the 

August 1979 (column 2) and August 1980 C-8/GC results 

(column 6). · 

Attachments 

PT/nsw 

EID080726 

000234 . 
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TO: 

FROM: 

r 

DR . Y. L. POWER 

PAUL THISTLETON. i . 

CC: R. J. Burger 
J. F. Doughty 
T. L . Schrenk 

November 19, 1980 

. RESULTS OF ELOOD' ANALYSES 

'i-. . The blood S'".!'lpl ing progxa~ pr~r·osed in my 9/1/80 
letter is essentially comple~e. All samples have been 
analyzed by the C-8/GC method which was recommended for routine 
use in my 11/12/80 letter to R. J. Burger. Most of the 
samples have been analyzed by the Torch method at ESL and . . 
s ome have been measured by the Torch method at Jackson -Laboratory 
(JL). Samples were sent to JL because of delays in demonstrating 
satisfactory Torch performance at ESL. 

• Results are given in Table I. It includes the 
1979 data which was reported to the people sampled. Names 
of people sampled in 1980 and identification numbers used in·· 
Table I are given in the enclosed list (Dr. Y. L. Power, only)~ 
One person is omitted from Table I because results were 
variable and a resample is being requested. 

The ESL and JL Torch results agree very well. The 
C-8/GC results are about 125% of the Torch results (see Figure 1 
of my 11/12/80 letter). The difference may result from 
incomplete recovery in the Torch method and this is being 
checked at ESL and JL. 

My 11/12/80 letter recommended that only C-8/GC 
results should be reported to employees. We believe that they 
are the best available measurements of organic fluorine in blood 
samples. The A~gust, 1979, results given in Table I have been . 
multiplied by 1.25 which is suggested .as the basis for 
comparing these results with current C-8/GC results (see my 
11/17/80 letter toR. J. Burger, copy attached). In most cases 
the numbers are very similar and it is doubtful if any of the 
apparent changes are statistically significant ~ This can be 
established when the total sampling program is completed and 
more 1979/1980 comparisons are po~sible. 

000235 
EID080727 

• 
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DR~ Y. L. POliER 2 NOVEMBER 19, 1980 

In the meantime I conclude that there has been no 
significant decrease in organic fluorin~ in blood samples 
between August, 1979 and August, 1980. This may be because 
many of m.ll:' corrective measures - were functioning -for only 
a small part of the year. Our 1980 data using the C-8/GC method, 
which is specific, should provide a good basis for comparing 
data to be obtained in 1981. 

Attachment 

PT/nsw 

EID080728 

000236 
I 
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IDE!\:'TITICATION 
Nl.il1BER 

r 

- 2 -

1979 s..~ 
BOMB ANALYSIS - JL(1) 

PP11 Organic Fluorine · 
.AIX;US'r 

JUNE · Atx;oST · X L 25 (2) 

-1- -2- -3-

.AtXillsr. 1980 SAMPLES 
TORCH·~~YSIS - C-8/GC 

Ffrn ·Organic Fluorine 

·:;:sr. ... JL £SL 

-4- -s- -6-

FEP Po1;ynerization 

18 
19 
20 
21 
22 
23 
24 
25 
26 

FEP ·Service 

27 

1.36 

3.61 

. 0.99 
3.7 
1.99 
4.96 
4.14 
4.52 
2. 7l 
4.54 
0.91 

1.2 
4.6 
2.5 . . 
6.2 
5.2 : 
s. 7: 
3.4. 
s.a . 

. '1.1: 

1.1 
3.4 
2.9 . ·2.9 
5.6 
3.7 
4.1 
2.1 

0 o 91 1.1 0 o 87 

1.1 

1.5 . 
4.o· 
3.7 
6.6 
5.5 
4.9 
2~9 

LlU 
0.72 

Research Semiworks 

28 • 0.5 0.32 

(1) JL = Jackson Iaboratory 
(2) August, 1979 lx:mb results increased by 25\. This is the 

factor recomnended to allow c::x::rrpari.Son of 1979 and 1980 
results. ESL C-8/GC results are arout 125\ of ESL and 
JL 'Ibrch results for the August, 1980 samples. 
Equivalence of 'Ibrch and Bomb results was derronstrated 
in a study rep::>rted by Erik Kissa, Jackson Laboratory, 
6/13/80. 

(3) 1-bnate.r Operator 21 rronths, 16 years Po1yrrerizatian Service. 
(4) M:::mater Operator 32 nonths, 15 years Po1ynerizatian Service. 

0.26 

Pl' 
ll/19/80 

EID080730 

000238 



. . . . 
November 24, 1980 

RESULTS OF BLOOD' ANALYSES 

A sample of your blood was taken in August for a 

t. O;! st program ~c Gompare t wo a t~ a. ly t ie: ~l methods ior mea=u:ring 

organic fluorine in blood. The Torch method burns the blood 

in a special torch and the combustion products are scrubbed 

and analyzed for fluorine. It measures organic fluorine plus 

inorganic fluorocompounds that burn in the torch. The 

C-8/GC method measures the C-8 by gas chromatography (GC) 

which separates the C-8 frout cthe:r fluo!":Jt:ompou::-. ~3. ~. 

We believe that C-8/GC results are the best 

measurements of o~ganic fluorine in blood samples. We plan 

to use the C-8/GC method for analyzing blood samples because 

it measures C-8 and is less subject to interference than the 

Torch method. 

We are reporti~g the C-8/GC me~surement for your 

:blood1sample expressed as ppm o:-:gsnic fluorine .. This method 

. gives results about 25% h~gher than the method used for th_e 

1979 samples. The difference may result from incomplete 

recovery of o~ganic fluorine in the 1979 analyses. 

If you have questions please contact Medical Division. 

Y. L. POWER, M.D. 

EID080731 

000239 
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c®lu[t) 'W • c. Percival - 353 

s. s. Stafford - 269 
-. ·-···· .. R. R. Twelves - 353 
IJUIUl•l~ ~~~ 

PRAI.. File E. I. ou PONT DE NEMOURS & COMPANY IC t...C:Da!POII'A,.&:D 

WILMINGTON, DELAWARE 19898 

POLYMERPROOUCTSOEPAATMENT 
EX,.£Ro,.E"'TAL STATtON 

January 23, 1981 

TO: PAUL THISTLETON - PPD, 'Washington 'Works 

FROM: L: J. PAPA '* 
-m..-174:) 0 

Co:t-1MENTS ON VALIDITY OF 1979 FLU{'IRINE IN BLOOD RESULTS 

; hoa"e reviewed the 1379 blooci fluorine results from Jackson · Laboratory (JL) 
and investigated the entire situation to comnent on the validity of the results. 
The situation is not si~le because 

1. The val ues reported were raw data and ~ere not .corrected for r~covery. 
The data were obtained by the nodified 3M bo~ method (private com-
munication with E. Kissa). · 

2. From data app earing in Kissa's report (CP-JL-80-14, p. 10) issued 
Sept. 1980, his .recovery at that tiDe appears to be ~94%. 

3. 3M published a recovery of 92+5%. Belisle and Hagen, Anal. Bio. 
87 545-555 (1978). 

• 
4. The bomb data correlated 1:1 ~ith the torch data in Kissa's early 

work (CP-JL-80-14, p. 19-21B) - hence torch recoveries must have 
also been '\.94%. · 

5. A reagent deteriorated in the modified bomb method causing the 8/79 
values to be low by a factor of ~1.18 (~~mos, E. Kissa to G. B. 
Patterson dated 10/30/79 and ll/29/i9). This was not dicovered and 
communicated to WW until after the results were given to our employees. 

6. A recent study by Kissa shows the torch method, which is allegedly 
equivalent to the bomb method, gives 83% recovery and is 80% of the 
value by GC (Ref: my recent letter to you dated 1/23/81). 

We are left with these facts 

A.· All of the results from August 1979 sal:lplioo.! ~;ho\'1~ h.a"e beet! 
correctad by a fa~:o= of ·l.le ~~ ~v.cpensate for ·the deteriorated 
reagent. 

There·s a world of things we' re C>)ir.9 something about 
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B. An additional correction is necessary to compensate for r~~overy. !hat factor is 1.06 if the 94% recovery of Kissa's early work is correct or 1.20 if the later 83% recovery is correct. 

I have no vay of judging ~hich recovery number is correct . If fact, t!i~y bot'h tt~ay be correct. Be could have start:ed Yith 94% recovery and drifted to 83% recovery. However, ·the numbers do alloY us to set up boundaries. With the bad reagent and a 94% recovery, the correction factor is 1.25. With a bad reagent and an 83% recovery, the correction factor is 1.41. Results obtained from JL other than the August to October 1979 period do not suff~r from the bad reagent contribution and the 1.18 correction factor is not applicable. Ho"Wever, they must still be corrected for recovery. ·The correction is 1.06 if. you believe the 94% recovery, 1.09 if you believe the 92% recovery or 1.20 if you believe the 83% recovery. 

I suggest you use the folloYing set of corrections. for any data you have in hand: 

q~-~rG.. 
,----~ 
,~~ 

;?'-

trultiply by 1.09 for all data prior to August 1, 1979 - this uses 3M's recovery of 92% and w;s-suggested by E. Kissa. 

. ~~ For bomb data in the period of August l, 1979 to October 30, 1979 use -1'~ ,..._.n.~:.j .a factor of 1.28 - this assumes 92% recov~ry and corrects for the bad ~ ~ ~-- reagent. For torch data in this period use a factor of 1.09. ~---;;;)c:~~ 
~~.~vi For the period November l, 1979 to early 1980 (lst quarter), assume ~·-- the recovery Yas 92% and use a factor of 1.09. The rat dermal stydy blood analyses were performed in this time period. 

• From early 1980 on, GC values or torch values corrected for 83% ~ recovery are used so you have no corrections to make • • 
I hope this letter helps to end the confusion and does not create more. lf you have questions please contact ne. 
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E. I. ell PoNT DE NEMOURs & CoMPANY 

WILMINGTON, DELAWARE 19898 

I"CLYW.ER PRCOUCTS OEPARTMENT· 

£XI"£RIM£NTAL. ST.lTION 

TO: PAUL THISTLETON - PPD, ~ashington Yorks 

FRO:t-1: L. J. PAPA* 

S. S. Stafford 
R. R. Twelves 
PRAL File 
I.e. 

SPECIFIC'DETERHINATION OF PERFLUOROOCTANOIC ACID IN BLOOD 
BY GAS CHROMATOGRAPHY AND COMPARISON TO TORCH METHOD 

269 
- 353 

S. S. Stafford has completed development and study of a gas chromatographic 
method to specifically determine perfluorooctanoic acid or its salts (including 
FC 143), hereby defined as C8, in human or rat blood. The method is sensitive to 
7 ppb fluorine and has a precision of ~10% throughout nost of the concentration 
range of 7 ppb to 100 ppm although the precision falls off at the lower ppb range. 
~he method gives comparable results to the Modified Wickbold Torch used by E. Kissa 
at Jackson Laboratory and duplicated at ESL by R. R. Twelves. The principle 
differences are the GC method is specific, easier to use, faster, cheaper and .much 
more sensitive. You received a copy of this uethod on your last visit to our 
laboratory on January 8, 1981. 

DISCUSSION 

We compared the Cs-specific GC method to torch methods at ESL (Twelves) 
and at JL (Kissa) by analyzing 26 human blood samples obtained from Washington 
Works personnel. This allowed a simultaneous compariso~ of the two torch methods 
at ESL and JL. The data is listed in Table I and piotted in Figure 1. A least 
squares examination of this data (ljne shown in Figure 1) shows the two torch 
methods give comparable data and are 79% of the GC numbers. The GC numbers are 
corrected for recovery but a true recovery study had never b~en performed on 
the torch method. 

I asked Kissa (JL) to perform a recovery study on this torch method. 
He later reported (by telephone) that he performed a 5 concentration calibration 
curve study in aqueous solution from 0.5 tol2.0ppm fluorine. The slope of his 
line, or recovery, was 83%. Be then spiked tyo blood samples with 10 ppm CS 
and obtained recoveries of 80 and 84%. I conciude from these data that his 
recovery is 83%. R. R. Twelves has never performed such a study but indications 
are that he has a similar recovery. Table II lists the GC data again and the 
JL t~:r~n '..ral~~~s ~on:ectcd for 133!':: recovery t:he agreement i::: !lOW- v=ry good. 

·rhere·s a world of things we·re coin~ something about EID080719 
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S. S. Stafford la~er analyzed 7 rat blood samples from a Haskell Laboratory Cs inhalation study that were also analyzed at Jackspn Laboratory by· the Torch Method (Kis~a). These d~ta are listed in Table III and·again show good agreement. 
These data show that the discussed methods can and did give equivalent results on real blood_ $a.IDp1es '!r.•~e~ all sre calih-r&teci tc colr•Pe~Sli.te for recovery. It sLo~ld be remembered that interferences may be encountered in the future which could give erroneous answers by either method. This seems less likely vith. the Cs-specific GC method. For this reason as well as those mentioned in the first paragraph I think our decision to use the Cs-specific GC method is well founded. 
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. 
TA.~LE II 

Comparison of Cg-Specific GC ~~thod to ~~ Torch - .Corrected for 83% Recovery 

.. 
EEm Fluorine 

PRAL No. J1. Torch .fs/GC · 

80-63841 1.-5 

80-63838 25.3 24. 

80-6383/ 2.0 1.9 

80-6"2921 0.4 0.26 

80-63834 0.22 

80-63835 0.4 0.52 

80-62916 3.1 2.9 

80-62915 0.2 0.015 

80-63839 B.i 8.2 

80-62912 0.78 

80-62920 1.0 1.2 

80-62919 7.7 7.8 

80-63842 4.0 

80-63843 3.5 3.7 

80-63836 0.40 

80-62922 4.6 4.6 

80-62918 28. 2~. 

80-63844 6.6 

80-62910 12~4' 13. 

80-62913 17.8 21. 

80-62911 4.9 

80-62917 5.5 5.6 
~43Jo] so-eaeaa 0.022 !" <Q -c. 4 3'3..) 

8G-63MO 
.... 

~ 80-63845 o. 72 C> 
C> -~ 80-62914 6.0 6.4 t:3· 

80-63846 5.5 EID080722 
~~~ 000245 
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.TABLE III. 
Comparison of Cs-Specific GC ~~thod to Torch ~~thod (JL) on Rat Blood 

PRAL No. Raw Data 

80-67461 6.9 

80-67462 10.5 

80-67752 9.5 

80-67756 9.0 

80-67L!81 1.8 

80-67460 1.1 

80-67484 0.76 
(Blank) 

EEm Fluorine 
Torch Jackson Lab 

Corrected for 83% Recover 

8.3 

12.7 

11.4 

10.8 

2.2 

1.3 

0.92 

Ca/GC 

7.7 

13.1 

11.4 

8.6 

1.3 

1.1 

<0.007 
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Figure 1 . 
Comparison of Ca-Specific GC Hethod and Torch Methods at ESL and JL 

JL 8 
ESL + 

A 

li 
+ 

.. 
1.-, t I I t - I I I I I I I . f I I I - I I I I I I I - I I I I I 1 

tsJ tsl lS1 tsJ . tsJ CSl tSl tSl 
• • • • • • • • .... (T) Ul J:'.. OJ .... (T) Ul .... .... .... 

GC/CB 

(g 

• 
~ 
..-4 

tSl 
• 

OJ ..... 
tSl 
• .... 

N 

CSl 
• (T) 

N 

~ 

• tn 
N 

~ 
• 

"" N 

cs:ll" 
0 

m 
N 

I 

l 


